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Abstract 
The novel method of BPSO is proposed for solving optimal number and size of photovoltaic (PV) 
units on a radius distribution system.  For the optimal number of PV unit problem, the SHBPSO is used to 
obtain quick convergence and explore solution space in the new direction.  For the problem of the optimal 
sizes of PV units, the proposed method is used to avoid a local optimum trap.  Multiple grid-connected 
PV units are considered.  The SHBPSO can find better locations and sizes than other methods such as the 
classical BPSO, the BPSO with inertia weight, the BPSO with acceleration coefficients and the BPSO 
with sigmoid increasing inertia weight on the radial distribution system.  The results including the active 
power of PV supplies injected into the system and total yearly power loss reduction are analyzed. 
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Nomenclature 
 
,g fC  Final value of social acceleration coefficient 
,g iC  Initial value of social acceleration coefficient 
,p fC  Final value of cognitive acceleration coefficient 
,p iC  Initial value of cognitive acceleration coefficient 
,
k
i popg  Probability value of the global best particle 
gen
 Maximum number of generations to run 
bestG  Global best of the group 
k  Iteration 
maxk  Maximum iteration limit 
kLoss  Distribution loss at section k 
n  Constant to set partition of sigmoid function 
SCN  Total number of sections 
,
k
i popp  Probability value of the best position of particle i 
ibest
P  Personal best of particle i 
,D iP  Real power demand (MW) 
,PV iP  Real power generation of PV (MW) 
iP  Net real power injection (MW) 
lossP  Power loss in the system (MW) 
iQ  Net reactive power injection (MVAR) 
R  Chosen number between 1 and 10 
51 2 3 4,, , , RR R R R  Random numbers between 0 and 1 
u
 Constant to adjacent sharpness of the function 
,
k
i popv  Probability velocity of particle i 
iV  Voltage at bus i (kV) 
w  Weighting function 
dx  Position of particle on the d
th
 dimension 
,
k
i popx  Probability value of the position of particle i 
iG  Angle at bus i (rad) 
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1. Introduction 
PV system units can provide an affirmative contribution to the sustainability in developing and 
emerging countries [1, 2].  Thailand is a tropical country and has plenty of sunshine.  Therefore, the 
country has abundant of solar resource to generate electricity.  Solar PV systems with the grid can 
facilitate in supplementing the continuous increase in electrical energy need of Thailand.  Greater use of 
PV distributed generation systems can also decrease losses of the electricity grid [3-5].  Medina [6] has 
noted that many existing problems arise from the operation of PV distributed generators connected to the 
grid.  Particularly, placement and sizing of such system need two major considerations: voltage 
improvement support and power losses reduction in distribution networks [7].  Therefore, it is necessary 
to take into account optimal placement and sizing of PV distributed generation systems during the design 
stage. 
Fig. 1 shows the block diagram of PV grid connection.  On the main feeder (AC bus), multiple 
components of PV grid connection are jointed including PV array, DC/AC converter, AC bus and load.  
The power injection efficiency depends on solar radiation and weather conditions. 
 
 
Load
Utility
AC Bus
DC/AC
converter
PV ArraySolar radiation
 
 
Fig. 1. Block diagram of PV grid connection 
 
 
A self-organizing hierarchical BPSO with acceleration coefficient (SHBPSO-TVAC) is proposed to 
find optimal number and size of PV placement to reduce power loss and thus increase voltage level.  
BPSO is improved by TVAC by roaming individually through a wide search space and SHPSO-TVAC 
can avoid a local trap and explore new areas.  In the SHBPSO-TVAC method, BPSO can discover the 
most favorable number of PV arrangement and SHPSO-TVAC is applied for optimal PV size.   
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2. Problem solving 
Placement and size of PV units are one of the key factors in PV very small scale power producer (PV-
VSPP) for its highest profit.  The binary PSO based techniques have been presented in this study to find 
out an optimal PV size for minimizing losses in a distributed generation network. 
 
2.1. Objective function 
For efficient system function, the power loss reduction in distributed generation system is required.  
The difference between generated power and the demand will give the loss.  Loss reduction is the major 
concern in distributed generation system and assigned to be an objective function which can be defined as 
equation (1). 
 
 Minimize 
1
         
SCN
loss k
k
P Loss
 
 ¦  (1) 
The total loss power is calculated by equation (2) [8]. 
 
1 1
( ) ( )
n n
i j i j i j i j
j i
Loss power A PP QQ B Q P PQ
  
   ¦¦  (2) 
where 
 
 cos i j
i j
R
A
VV
G G  (3) 
 
 
 sin i j
i j
R
B
VV
G G  (4) 
Subject to the constraints as described in equations (5) to (6) [9]. 
 
 Power balance constraints:  , ,
1 1
N N
PV i D i loss
i i
P P P
  
 ¦ ¦  (5) 
 
 
 Voltage limits:  0.95 1.10ipu V pud d  (6) 
 
2.2. PV power function 
The photovoltaic system produces only real power.  The novel method SHBPSO would find the size 
and location of PV system.  The net power of bus i can be calculated by equation (7) [8]. 
 
 
    , ,i PV i D iP P P   (7) 
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Rahman and Yamashiro [10] noted that the PV distributed generation system could be run to get 
maximum benefit by selling all PV output power to the grid line.  In this study, when PV power is 
available during daytime (about 6:00 to 18:00) the load demand is satisfied by power from solar energy 
and a purchase power.  In the rest of a day, since there is insufficiency of PV power during nighttime 
(about 18:00 to 6:00), a sufficient quantity of purchase power is required to meet load demand.  
Therefore, the system uses 100% of PV output to provide maximum benefit.  Moreover, Eltawil and Zhao 
[11] illustrated that PV distribution systems provided financial benefit in two ways: one was by 
generating power from PV system and the other was by using clean power instead of the fossil fuels. 
2.3. Solar irradiance in Thailand 
PV production is becoming increasingly important as solar play a decisive role in power generation.  
New generating units are being added to the energy system every day, along with nodes between 
distributed grid structures and the main central energy system.  Thailand is a tropical country and has 
plenty of sunshine.  Especially the country legislation encourages the deployment of increasingly large 
PV power plants. 
The number of meteorological stations in Thailand that can provide the hourly global solar irradiance 
and related data is limited.  Chupong and Plangklang [12] noted that solar data management systems 
provide the basis for reliable interactions between PV power plants, variable loads, load management and 
flexible storage capacity.  These solar data systems also coordinate huge amounts of real time information 
and optimize energy system as well as maintain its stability.  For the utilization of solar energy, the 
irradiance data at the field site is necessary for PV system design. 
3. Improved BPSO for Optimal PV Sitting Method 
PSO is the optimization model that could be used as a tool for solving the problem of PV sitting 
method.  In PSO model, particle is the population’s element.  The size of PV power stations and its 
locations are represented by the particles. 
3.1. Classical binary particle swarm optimization 
Kennedy and Eberhart [13] propose the classical PSO mathematical model which consists of two 
main equations.  Equation (8) presents the finding of an updated velocity and equation (9) presents the 
determination of an updated position.  In this paper, CPSO is used for the optimal PV size. 
 
 1 , , , ,1 21 , ( ) ( )
k k k k k k
i pop p i pop i pop g pop i popi to l popv v C R p x C R g x

       (8) 
 
 1 11 , 1 , 1 ,
k k k
i to l pop i to l pop i to l popx x v
 
      (9) 
 
For the classical binary PSO (CBPSO), it is used for the optimal number of PV units.  The binary PSO 
has no position update equation.  The velocity value is mapped with interval 0 to 1, which is given as 
equation (10) [14]. 
 
 
1
1
1 ,
1, (1) ( )
0,
 
 
k
k
i to l pop
rand s v
x
otherwise

 
­°®°¯
  (10) 
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3.2. BPSO with inertia weight 
Shi and Eberhart [15, 16] propose the binary PSO with inertia weight (BPSO-TVIW).  The method is 
updated to improve the location search precision by adding a weight.  The velocity is updated as Equation 
(11) presents the updated velocity.  Equation (12) presents the weight function. 
 
 
 1 , , , ,1 21 , ( ) ( )
k k k k k k k
i pop p i pop i pop g pop i popi to l popv w v C R p x C R g x

       (11) 
 
 max minmax
max
k w ww w k
k
§ ·¨ ¸© ¹
   (12) 
 
3.3. BPSO with the acceleration coefficients 
Time varying acceleration coefficients incorporated with PSO (TVAC-PSO) would be an extensive 
version from the PSO-TVIW.  At the beginning stages of TVAC-PSO, particles are stimulated to roam 
independently throughout an extensive exploration with a cognitive acceleration coefficient and low 
social acceleration coefficient in equation (11).  The cognitive acceleration coefficient is determined by 
equation (13) and the social acceleration coefficient is determined by equation (14) [17].  In this paper, 
the TVAC-PSO becomes the BPSO-TVAC used for the optimal number of PV units.  The normal range 
of acceleration coefficients are between 0.5 and 2.5. 
 
, ,
,
max
p i p f
p p i
C C
C C k
k
§ ·¨ ¸© ¹
   (13) 
 
 
, ,
,
max
g i g f
g g i
C C
C C k
k
§ ·¨ ¸© ¹
   (14) 
3.4. BPSO with sigmoid increasing inertia weight 
The binary PSO is used for optimal number of PV units.  Generally, the sigmoid inertia weight of 
BPSO-TVIW starts from 0.9 linearly and decreases to 0.4.  On the other hand, the sigmoid function is a 
nonlinear function which is mismatched with a linear inertia weight.  As a result, the PSO convergence 
rate is slow.  Sigmoid increasing inertia weight (SIIW) is added into the sigmoid function to give a better 
performance. 
The present study suggests the nonlinear expression adapted by an inertia weight with time for better 
presentation of PSO model.  As a replacement of the inertia weight, a proposed scheme attempts to 
increase the inertia weight by the use of sigmoid function.  Increasing inertia weight equation is given as 
equation (15) [14]. 
 ( )
( )
(1 )
k start end
endu k n gen
w w
w w
e u u
   (15) 
where 
 (log( ) 2)10 genu   (16) 
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3.5. Self-organizing hierarchical BPSO with acceleration coefficients 
In this paper, the binary PSO is improved to be the SHBPSO-TVAC to obtain the most suitable 
number and size of PV units as well as its locations.  Boonchuay and Ongsakul [17] noted that the earlier 
velocity vector was set to zero to get a move on a local best possible answer.  But, with this adjustment, 
particles misplace the force to find superior results in the afterward step of the investigation [18].  The 
SHBPSO-TVAC can conquer these weak points by reinitializing the velocity vector when it is idle for the 
period of the search which is given as equation (17). 
 
 If 0idv   and 3 0.5R   
 then  4id dv R v u  
 else  5id dv R v  u  
 
 
 ,max ,mind dd
x x
v
R
§ ·¨ ¸© ¹
  (17) 
 
4. Numerical Results 
The 59-bus distribution system was utilized as a test system to validate the applicability of the 
SHBPSO.  The substation is assigned to be bus number one.  The total system load is 12.17 MW and 6.71 
MVAR.  The original real power loss is 122.49 kW and the reactive power loss of the system is 279.41 
kVAR. 
The average daily load curve is present in Fig. 2.  In the proposed time, the peak load (at one time) is 
considered to give the maximum power loss.  As a result, DG is considered.  After that, the candidate 
number of the bus and the optimal PV power size are determined by the SHBPSO method to decrease 
loss under day time load.  The time ranges used are morning, noon and evening. 
 
 
Fig. 2. Average daily load curve 
 
 
The results from the proposed binary PSO-based algorithm method provide solutions for the optimal 
sizing and allocation of multiple PV placement problems.  The reduced loss depends on the PV unit’s site 
and its magnitude.  The SHBPSO-TVAC total losses are much lower than in the other methods, i.e. 
CBPSO, BPSO-TVIW, BPSO-TVAC and BPSO-SIIW because SHBPSO-TVAC reinitializes the velocity 
of particle when it hibernates, to escape a local optimum trap. Moreover, the SHBPSO-TVAC gives the 
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minimum loss for both real and reactive power.  The SHBPSO-TVAC method can reduce the loss by 
75.94%.  Apparently, the SHBPSO-TVAC found to be the most excellent technique for suitable PV 
installation because this technique gives the lowest power loss.  For optimal PV placement considering 
the average daily load, a PV plant can reduce the real power loss from 6.00 am to 6.00 pm as 886.6148 
kW per day or 323.6144 MW per year.   
5. Conclusion 
In this paper, it has been shown that the SHBPSO-TVAC method could efficiently determines the 
optimal number and dimension of PV placement in the PEA distributed generation system.  The method 
of reinitialized particle velocity with time varying acceleration coefficients demonstates better search 
direction than the CBPSO, BPSO-TVIW, BPSO-TVAC and BPSO-SIIW.  Simulation results indicate 
that the SHBPSO-TVAC can give much faster convergence than the other methods on a 59-bus system.  
Moreover, the optimal PV placement by the SHBPSO-TVAC is helpful for the PEA policy-maker to 
manage PV-VSPP allocation for power loss reduction and green energy support. 
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